Abstract: Fuyuan City is located in the black soil region of northeast China. Its fertile soil and flat terrain provide a reliable guarantee for the scale, intensification, and standardization of farmland. A large amount of land resources that can be used for the national food base has been developed, and the contradiction between the need for wetland protection and arable land development has become increasingly prominent. Based on the remote sensing data of 2000, 2005, and 2010, this paper simulates the future land use/land cover changes structure in Fuyuan City based on the Markov Chain model. According to the characteristics of Fuyuan City's structure, economy, society, and natural environment, within the overall planning of the city, we explore three scenarios: business-as-usual scenarios, farmland conservation scenarios, and wetland conservation scenarios. The results revealed the following: (1) Under the business-as-usual scenario, the rapid development of Fuyuan City showed the characteristics of the continued expansion of urban area and the reduction of farmland and wetland area in 2020 compared with 2010. (2) Under farmland conservation scenarios, farmland was well protected and stable, while construction land expansion was restricted. (3) Under wetland conservation scenarios, wetland increased dramatically, which mainly derived from farmland, grassland, and unused land. According to the result, optimized countermeasures are proposed to balance the coordinated development of farmland and wetlands, to deepen the multiperiod planning of land use in Fuyuan City and to provide data support and a basis for decision-making.
Introduction
Land use/land cover changes are the result of the interaction between humanity and nature, and they involve complex mechanisms and processes. Recommendations have been offered to reorient land use planning practices to maximize ecosystem services delivery [1] . Wetlands are one of the most important ecological environments on the Earth. As a transitional region between terrestrial ecosystems and aquatic ecosystems, wetlands have unique hydrological characteristics and play a vital ecological role [2, 3] . Since the 1980s, nature reserves with wetland ecosystems as the main object of protection have been established one after another [4] . Countries around the world are paying increasing attention to the problem of ecological function degradation caused by the conversion of wetlands to farmland and construction land or the reduction of wetland areas caused by natural factors, such as habitat degradation [5] , biodiversity loss [6] , water quantity and quality declines [7, 8] , and reduced carbon sequestration [9] . To respond to these emerging environmental problems, the first necessary step is to quantify the spatiotemporal patterns of agricultural encroachment into natural areas.
Since limited land resources are used for both grain production and ecological protection, in the past five years, scholars have carried out multiscenario simulation predictions for land use to balance the competing relationships between different types of land use. Stewart and Cao et al. used genetic algorithms to spatially optimize the allocation of land resources and used the ideal point method to solve multiobjective decision problems [10, 11] . Land use simulation prediction models mainly include quantitative structural simulations, such as Markov Chain models, multivariate statistical models, system dynamic models, and spatial structure simulations such as the Conversion of Land Use and its Effects (CLUE) model and CA model [12] [13] [14] . In the analysis of land use oriented by farming civilization, three land use spatial layout scenarios were simulated for farmland protection, construction and development, and ecological protection (Chao Yueqing, 2013) [15, 16] . Alternatively, it is divided into three scenarios: business-as-usual trends, ecological and environmental protection management, and urban planning and regional development (Xu Xiaojuan, 2017) [17, 18] . These studies demonstrate that the Markov Chain model is the most accurate method for quantitative research.
During the past 50 years, natural wetland farmland has been an important factor in the loss and degradation of wetland in Fuyuan City; after nearly 50 years of large-scale agricultural development, the natural wetland area has been lost, and a series of regional ecological environment problems have arisen [19] . Therefore, effective analysis and simulation of land use change is crucial for correcting ecological environment management and ensuring the safety of agricultural food production. Domestic and foreign scholars have carried out a lot of research work on the landscape change of the marsh wetland in Sanjiang Plain, the environmental effects of land cover change, and the impact of land use change on ecosystem service functions [20] [21] [22] [23] [24] . However, research has not been able to reveal in depth the laws of farmland in the region. There are still gaps for different scenarios of land use planning and wetland environmental protection under different planning conditions in contractive urban and rural areas. At the macro level, the land policy of China's land administration departments is mainly reflected in quantity control rather than specific spatial planning. The purpose of this paper is to combine the Markov model with multicriteria evaluation, to predict and simulate land use patterns in different scenarios, and to quantify the mechanism in the land type transfer process to verify whether the relevant departments' macrolevel land use policies are reasonable.
Research Area and Work Flow

Study Area
Located in the easternmost part of China, Fuyuan City is in the triangular area where the Heilongjiang River and the Wusuli River meet (Figure 1 ). The total area is 6262.48 km 2 ( Figure 2 ). It is a national-level ecological demonstration area, and the ecological resources are well preserved. As the hometown of Chinese salmon, it is said to have more than 70% green coverage. It plays a decisive role in ensuring national food and regional ecological security. There is approximately 68% of cultivated land and 16% of wetlands. The economic output of Fuyuan City is dominated by an agricultural economy. Agriculture is dominated by plantations and animal husbandry, followed by forestry and fisheries. In the past 20 years, agricultural land in Fuyuan City has experienced unprecedented expansion. It is expected that this trend will continue. The area of agricultural land increased from 249,000 hectares in 2005, which accounted for 41.2% of the county's total land area, to 506,000 hectares in 2009, which accounted for 83.7%. This kind of sharp change in agricultural land growth has negative impacts on land cover such as the decline in land use and biodiversity and water resource pollution. 
Sources of Data
The basic data include the land use vector data provided by the Center for Resources and Environmental Data of the Chinese Academy of Sciences in 2000, 2005, and 2010. According to the characteristics of land use in Fuyuan City, with reference to the latest land use classification and coding table (GB T 21010-2017), the types of land use were divided into nine categories: forest land, paddy field, dry land, bare land, water area, construction land, forest swamp, shrub swamp, and herbaceous swamp (Figure 3 ). In this paper, the Shuttle Radar Topography Mission (SRTM) data were used to obtain 2010 Digital Elevation Model (DEM) data from geospatial data clouds for generating the gradient information. From the acquired land use data of the study area, the area of various land types was used as a benchmark area by the software, and the optimal analysis grid scale was obtained based on the comparison and determination of 100 m. 
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Work Flow
This paper takes Fuyuan City as an example. We adopted ArcGIS 10 technology to superpose the analysis of land use maps in 2000 and 2005 to obtain a land use transfer matrix, and we used the Markov Chain model to predict the land use in 2010. We next compared the results with the actual land use in 2010 and corrected it to predict the land use in 2020. Then, using the shift matrix to analyze land use/land cover changes in Fuyuan City from 2000 to 2010, combined with the Markov Chain model and multicriteria evaluation (MCE) method, the transfer rules were divided into three scenarios: business-as-usual scenarios, protected arable land scenarios, and protected wetland scenarios. The prediction of land use/land cover changes under the three scenarios in Fuyuan City in 2020 was forecasted, and a comparative analysis was conducted to provide corresponding conclusions ( Figure 3 ).
Research Methods
Markov Chain Model
The Markov Chain model is used to predict the conversion of land use in a certain area. There are two main components: the transfer matrix and the transition probability matrix, which represent the period and number of land transfers from one land use type to other types [25] . The Markov chain is widely used in land use type transition probabilities. According to the stochastic process, the moment of T+1 is only related to the state of T, and the nature of unrelated to the state of other moments determines the moments. The trend of the system changes. Its expression is as follows:
where +1 and are land use states at time points + 1 and , respectively, and is a transition probability matrix that satisfies the following conditions: 
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Calculating the Transition Probability Matrix Using Markov Chains
In the Markov module in the IDRISI software, the land use maps for 2000, 2005, and 2010 were input. The time interval was 5 years. Through cross-tabulation analysis, the land use type transition probability matrix was obtained from 2000 to 2010 (Table 1) . 
Multiple Context Conversion Rule Settings
This paper compares the driving forces of land use/cover change in Sanjiang Plain with domestic experts and finds that human factors play an increasingly important role in the change of land pattern in Fuyuan City. In terms of the protection and development of cultivated land, the Heilongjiang Provincial Land Use Master Plan (2006-2020) clearly stated that it is necessary to do a good job in field support and increase the area of paddy fields. In terms of ecological protection factors, the "Decision of the State Council on Implementing the Scientific Outlook on Development and Strengthening Environmental Protection" issued in December 2005, for the first time, proposed "environmental priority" in the State Council's documents, reflecting the historicity of China's environmental policy. The transformation, therefore, under the mandatory control of national policies, was that the loss of forest land and wetland area slowed down.
The setting of scenarios is closely related to the major issues about which policymakers in the region are currently concerned. Our calculation of MCE depends on physical, socioeconomic, and regional characteristics, including constraints and factor conditions [18] . The former condition is to constrain the analysis to a specific area. In this study, the Boolean criterion is used for constraint processing. The value of the region that does not consider the conversion is 0, and the value of the region that considers the conversion is 1.
In view of the future demand for land in Fuyuan City and to comprehensively consider the current situation of land use in Fuyuan City and future economic and social development strategies, we set up three scenarios-business as usual (I), arable land protection (II), and ecological protection (III)-and carried out a land use simulation under these different scenarios. The number of transfers out of paddy fields and drylands will give priority to the protection of high-quality contiguous arable land to reduce the occupation of cultivated land by other land types, to reduce the possibility of the conversion of cultivated land to other land, and to protect agricultural land on the basis of the transfer matrix. (3) Scenario III-wetland protection. Based on the ecological protection red line, the quantitative requirements for land use should be taken into account to improve the regional ecological environment. Water areas, forest lands, and wetlands (herb swamps, shrub swamps, and forest swamps) should be designated nonconvertible areas and other reasonable layouts to ensure ecological control and the protection of ecologically sensitive areas. Figure 4 summarizes the methodology of the multiscenario Goal/Markov conversion process. By designing land use development propensity models, it can be used to represent land use quantitative dynamics. As shown in Figure 5 , the land use types for each scenario can be represented by different circles, where the color of each circle (cultivated land, wetland, water, forest land, construction land) represents the transfer rule for each scenario. Ultimately, the outcome of this matrix can identify the Markov transition rules for land use change. 
Results and Analysis
According to the results of the transformation matrix, the Markov model was used to simulate the distribution of land use patterns in 2010. Based on a Kappa analysis of the Markov model's time 
According to the results of the transformation matrix, the Markov model was used to simulate the distribution of land use patterns in 2010. Based on a Kappa analysis of the Markov model's time prediction accuracy, the Kappa statistic on the 10-year time scale from 2000 to 2010 is 0.802, which shows that the consistency between the simulated map and the actual land use map is good. In addition, this indicates that the model is reliable for Fuyuan and can be used to predict future land use patterns under different scenarios. The land use situation under three scenarios in Fuyuan City in 2020 is shown in Table 2 . 
Analysis of the Quantitative Structure of Land Use in Three Scenarios
Business-as-Usual Scenario
The simulation results under the business-as-usual scenario are basically in line with the 2020 plan for land use in Fuyuan City. Compared with the land use in 2010, the area of paddy fields will be significantly expanded by 2020, with an increase of 13,583.38 hm 2 , with a relatively concentrated distribution; construction land will increase by 18,151.6 hm 2 and there will be a certain increase in the number of forest lands. The drylands and herbaceous marshes will be degraded to a certain extent and will be 21,105.06 hm 2 and 14,117.64 hm 2 less than in 2010, respectively.
Farmland Conservation Scenario
Under the arable land protection scenario, the arable land has a high stability and the distribution is concentrated and contiguous ( Figure 6 ). From the results, we can see that by 2020, the wetlands, forest lands, and water areas will have shrunk significantly compared to 2010, while the dry land, paddy fields, and construction land will have increased significantly. From 2000 to 2020, the area of paddy fields will increase by 48,573.44 hm 2 . The area of dry land will increase by 20,403.58 hm 2 compared to 2010, which is an increase of 41,580 hm 2 compared to the dryland of the business-as-usual scenario, accounting for 7.19% of the total area, an increase of nearly 200%. Forest swamps also have a significant increase over natural growth scenarios. At the same time, the increase in arable land mainly comes from land use types, such as wetlands and forest lands, while construction land growth will be stable. This shows that in the context of cultivated land protection, urban development will not stop.
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Wetland Environments Protection Scenario
Under this scenario, forest land and wetlands are well protected ( Figure 7 ). Wetlands are the main land types in Fuyuan City, and there are fewer occurrences. Herbal swamps and shrubs and swamps show a clear upward trend, and the forecast is higher than that of 2010, with 7697.78 hm 2 and 2899.17 hm 2 , respectively; forest swamps, shrub swamps, and herbaceous swamps increase by 48.41 hm 2 , 1414.95 hm 2 , and 1987.97 hm 2 , respectively, more than business-as-usual scenarios, which is a relatively slow growth rate of 21.3%. Paddy fields and construction land remain stable in the region, while the dry land is reclaimed from the farmland and is reduced to 23,046.32 hm 2 by 2020. This shows that wetland protection is a relatively long-term process. 
Analysis of Land Use Dynamic Degree under Three Scenarios
Using the Markov model and introducing the transfer matrix, we predicted the land use change trend in 2020 and analyzed the dynamics of land use change in Fuyuan City from 2000 to 2020 (Table  3) . 
Using the Markov model and introducing the transfer matrix, we predicted the land use change trend in 2020 and analyzed the dynamics of land use change in Fuyuan City from 2000 to 2020 (Table 3) . The results show the following:
(1) The area of construction land and forest swamps rose sharply. Between 2000 and 2010, the area of dry lands, forest swamps, and herbaceous marshes was significantly reduced; the area of forest land, paddy fields, water areas, construction land, and shrub swamps increased. In contrast, the number of forest lands decreased from 2010 to 2020, and the number of forest swamps increased. The relatively stable land types under the three scenarios are forest lands, paddy fields, dry lands, water areas, shrub swamps, and herbaceous swamps, while construction lands and forest swamps have undergone severe changes. It can be seen that the dynamic degree of construction land in the years 2000-2010 is 3.49%, while the dynamic degree in the three scenarios of 10-20 years is 16.74%, 11.63%, and 16.74%, respectively, which is nearly five times that of the 2000-2010 period.
In combination with the land use transfer matrix, the construction land for this period did not change. The forest swamp changed from a 10-year downward trend to a 20-year-long growth trend, and the dynamic degree was drastic. This shows that the urbanization process in Fuyuan City is rapid; however, it does not conflict with the level of ecological protection. (2) In the land use planning program, the land use demand is related to the overall land use planning of Fuyuan City (2000-2020), which strictly controls the expansion of construction land and highlights the aspects of the protection of cultivated land and the ecological environment. From the comparison of the three scenarios, it can be seen that the farmland and construction land under the business-as-usual scenario increased significantly, while the wetlands decreased drastically. Scenario 2 is more protective of arable land than Scenario 1, and the areas of paddy fields and dry lands are steadily increasing compared with M conservation scenarios. The area of forest lands and wetlands is decreasing. Scenario 3 is more protective of wetlands than Scenario 1, in which case the conversion of paddy fields, dry land, and construction land into wetlands is the main conversion of the land use. At the same time, combining three development trends, the development trend of Scenario 3 and Scenario 1 is closer.
Analysis of the Law of Land Use Type Transfer
The meaning of the complete consumption coefficient is the size of the other land use area that the entire Sanjiang Plain eco-economic system will eventually consume for each additional land use area. If the complete consumption coefficient is positive, the two land use types are positively correlated, and vice versa (Table 4) . The results show the following:
(1) The area of returning farmland to forests remains to be solved.
According to the forecast results of 2020, for each additional unit of cultivated land area, the area of 1.271873081 units of forest land will be reduced, and the area of 2.163743398 units of wetland will be degraded. Therefore, for Fuyuan County, increasing the per unit of cultivated land will bring about more than twice the degradation of the wetland area, and the scale of the degradation of the forest land area will be greater than the increase of the cultivated land area.
(2) The regional ecological environment is relatively fragile.
At the same time, the increase in the area of unused land, mainly for sandy and bare soils, is also at the expense of other land use areas, but the total consumption factor is relatively small. As long as the reduction of 0.370266275 units of grassland will result in an increase in the bare soil area of a unit of sand, similarly, only 0.38985497 units of forest area will be reduced, and the bare soil will increase the unit area. The ecological environment of the area is relatively fragile. of. At the same time, the increase in the area of cultivated land is relatively large for the consumption and occupation of the forest land area. Multiplying the two coefficients is available. When the cultivated area is increased by one unit, it will eventually bring 3.2580 units of bare land area increase.
Discussion
Discussion of Coordinated Development of Wetland Farmland
(1) The internal transfer of farmland is fierce and needs to be standardized. Combining the Markov Chain model with the introduction of the transfer matrix to predict the land use pattern of 2020, it can be seen that the overall change of land use types is not obvious; however, the internal transformation between each land is intense, and the interconversion between dry land and paddy fields within the farmland is particularly obvious. The paddy field has been transferred to 41,726.4 hm 2 of dry land, and the dry land has been transferred to paddy fields to 68,216.3 hm 2 . On the whole, the number of paddy fields shows an upward trend, while that of dry land shows a downward trend. Although the total amount of farmland tends to be stable and the red line of farmland changes drastically, this will cause instability in agricultural production and a low level of intensive land use. It is urgent to standardize management and rationalize the spatial layout of farmland.
(2) Wetland ecological vulnerability has increased. From 2000 to 2017, the temperature and precipitation of Fuyuan City changed significantly. The temperature gradually increased, the precipitation increased first and then decreased, and the river runoff did not change significantly. The area of the wetland decreased gradually, and the type of wetland changed drastically. According to the latest land use status classification and coding table (GB T 21010-2017), paddy fields are classified as wetlands. As a result, the problem of serious decline of the original wetland area has been alleviated, maintaining the ecological balance and sustainable development in the area. However, its ecological benefits deserve to be discussed. Combining with the transfer matrix shows that in terms of quantity, ecological protection has achieved the initial results; however, wetland ecology is fragile and sustainable development needs to be improved.
Discussion on the Development of Agricultural Areas
(1) Adjustment of the policy of returning farmland to forests
The blind expansion of agricultural land will inevitably lead to more significant degradation of forest land and wetlands, and blind development in the region will bring about tremendous damage to the natural environment. Similarly, in order to increase the area of a forest or the area of a wetland, it is necessary to use a large amount of land for returning farmland to forests. Therefore, the pressure on returning farmland to forests in this area is relatively high. At present, the new land use planning of Heilongjiang Province will result in the consumption of forest land, wetland, and grassland, which will be 6.8102 hm 2 , 674.214 hm 2 , and 6,157,762 hm 2 , respectively. A large amount of ecological resources will be consumed. The ecological environment will have more serious destructive effects on the basis of the present. The original land use plan should be revised. In order to achieve the goal of mutual coordination between agricultural development and ecological environmental protection, the cultivation of ecological forests should be increased to curb the trend of reduction of wetland area and functional degradation. Under this premise, other agricultural land should be arranged.
(2) Economic development in agricultural areas
Land use planning is a public affair which aims to coordinate land use and resolve conflicts of interest of different stakeholders and groups [26] . Most of the world's agricultural regions such as Fuyuan are facing unprecedented questions regarding urban expansion. The three forecast scenarios show that the city's scale is expanding, although there is no environmental damage. It has not stimulated economic development. The slowing effect of urban concentration felt by the economic recession has been a key issue on the regional agenda. One of the top regional priorities lies in diversifying the land use of Fuyuan, in an attempt to create a diversified offer, attracting young workforce opportunities, or integrating stakeholder choices and multicriteria analysis to support land use planning.
Conclusions
This paper uses the Markov Chain model and introduces the transfer matrix to predict the trend of land use pattern change in 2020. The proportion of cultivated land in the area exceeds 70%, which occupies an advantageous position. The land use structure is dominated by farmland, which is in line with the regional economic and social development characteristics of the Fuyuan Municipal Government in its efforts to build "one land and three districts" and develop "five major industries".
To further implement ecological protection policies and balance the harmonious development of farmland and wetlands, the Fuyuan City Land Use Ecological Protection Plan can be divided into three steps:
(1) Intensive development and utilization of cultivated land, rationalization of space layout for land use, and determination of the farmland protection red line. (2) Herb swamps are the most easily converted land types, and restoration of wetlands can begin with herbaceous swamps. (3) Increase and accelerate the area of forest swamps to protect biodiversity.
Land use/land cover changes are caused by natural factors and human activities. How to coordinate the relationship between land use and ecological construction is an issue that we urgently need to solve. This paper proposes a method of combining a multiple scenarios prediction with the general land use planning in Fuyuan City, which will be used for the quantitative analysis of urban land use scenarios in the future. The modeling based on different scenarios will produce new results. Through the comparative analysis of the overall land planning and prediction results of Fuyuan City, it can be found that the current land use planning of Heilongjiang province will cause a large number of ecological resources to be consumed due to the new planning of agricultural land, and the original land use planning should be modified to some extent. This method of scenario simulation can be used in a wider range of land use analysis and is recommended for continued use in future research areas. However, the research method used in this paper is only for the land management department to verify whether the formulation of the land policy is reasonable, and the spatial planning and layout of land use in Fuyuan City will be further developed in the next study. 
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